Macrophytes can occur as submerged, floating or emergent. They provide not only important structural supports in streams and river habitats, but also absorb and sequester pollutants, provide primary food production, nutrients and habitats to a wide range of macro and micro-organisms living in and around lotic sites. Their existence is however threatened by both anthropogenic and natural stresses. This study aimed to document macrophyte diversity and abundance in streams under different anthropogenic influences in Buea, southwestern Cameroon. Floristic surveys were carried out using 500 m long transects laid along the different streams. Plants encountered were identified and confirmed at the Limbe Botanic Garden Herbarium. One hundred and ten species belonging to 38 families and 83 genera were recorded. There were no floating species and only one stream had submerged species (Vallisneria spiralis L and Crinum calamistratum Bogner & Heine). The highest number of families (26), genera (58) and species (70) were obtained in Ndongo while the least of these taxa were obtained in Bulu (16, 35 and 39, respectively). Overall, Asteraceae and Poaceae were the most abundant, suggesting anemophilic dispersals. However, individual species abundances varied with streams. The highest diversity index (0.945) was in Wongangjio while the least (0.760) was in Nange, suggesting that waste discharge from car wash might influence species diversity negatively. The macrophyte composition was made up of obligate and non-obligate species as a consequence of anthropogenic influences. These results constitute baseline data for the area that can be exploited for further research and monitoring.
Introduction
Aquatic ecosystems usually contain macrophytes which may be submerged, floating or emergent. The plants are very important in the structure and function of the aquatic system in that they absorb and sequester pollutants, reduce erosion by damping wave action and stabilize shorelines and river bottoms [1, 2, 3] . Additionally, macrophytes provide primary food production, nutrients and habitat for a wide range of macro and micro-organisms living in and around lotic sites [4] . The effectiveness of their functioning depends, amongst other factors, on their diversity and abundance [5] .
Studies on macrophyte abundance and diversity in Cameroon are rare [1, 6, 7] . Other studies involving macrophytes in other areas of the country, focus on their use in wastewater treatment [8, 9, 10] . Little or no such data exist for the Southwest Region and Buea in particular.
Buea lies between 3 0 57'N -4 0 27'N and 8 0 58' -9 0 25'E on the eastern flank of mount Cameroon. The mean annual precipitation and temperature stand at 3000 mm and 28 C, respectively. The mean relative humidity is 86% and sunshine ranges from 900 to 1200 hrs per annum [11] . The climate is equatorial, with two seasons: a dry season from November to February and a rainy season from March to October. The municipality has a rich hydrological network. The absence of conscious efforts to protect water catchments, haphazard waste disposal especially in water ways, deforestation motivated by agriculture, timber for local consumption, fuel wood and bush fires (natural and hunting fires) have all contributed to degrade the aquatic ecosystem within the municipality.
This work had as objective to assess the diversity and abundance of macrophytes from five streams with different anthropogenic influences in the Buea municipality. This baseline data will complement data from other areas which can be exploited for further research and by aquatic ecosystem protection services of the municipality.
Material and methods

Sampled streams and their characteristics
Five streams subjected to different anthropogenic influences were selected. Farming as an activity cuts across the different streams.
Nange water: This is a stream located far from habitation but with characteristic that cars are driven into it and washed. In this stream, there are two car wash points.
2) Stream at Mile 17 Hill (M17): The catchment area of this stream was used as dumping ground for municipal waste before the arrival of the waste collection company in 2010. In this stream, cars are washed by the banks, with effluents discharged into it. It also receives storm drainage from Molyko, a residential neighbourhood with dense population.
3) Ndongo: It is exposed to waste from various anthropogenic (waste disposal, bathing and laundry) activities as it flows from lower Bokoko to Mile 16, passing through Molyko, with dense population. Despite the presence of the waste collection company, municipal waste are deposited at various points along the course of the stream. Bathing and laundry, in addition to farming, are other activities along the stream course. 4) Bulu water: It originates from Lower Bunduma and flows down to Bulu Native, with storm drainage as well as municipal wastes from Upper Bunduma and Great Soppo getting into it at various points along the course.
5)
Wongangjio: It is a stream located far from habitation with no waste dump and no washing of cars`.
Data collection
Floristic inventory was carried out along 500 m long transects laid along the different streams ( Figure 1 ). The transect for Nange originated 10 m before the first car wash point and extended downstream beyond the second car wash point. In the stream at Mile 17 Hill, the transect originated from the catchment and extended downstream beyond the car wash area. The transects for Ndongo and Wonganjio originated 10 m from the catchment. For Bulu, the transect was laid 10 m after the observed point of water emergence along the course.
Ten plots were laid per transect. The plots began 10 m from transect origin and were interspaced by a distance of 42 m. Within each plot, sampling units of 1mx1m were mapped out by dividing it into strips of (1 x 1) m and numbering. Ballots were then drawn to select sampling units such that 1/3 of them were on each of the right and left bank and within the stream. A total of twelve sampling units were randomly selected within each plot. A frame measuring (1 x 1 m, in-to-in) was placed at the selected number of the strip and the vegetation within it censured.
Plants were identified in the field. Unidentified species were photographed, voucher specimens collected and identified using illustrations and photographs in manuals and later confirmed at the Limbe Botanic Garden Herbarium (SCA).
Figure 1 Location of transects for macrophyte assessment in different streams in Buea municipality
The frequency of occurrence and abundance of each species were recorded. Creeping species were evaluated by percent cover and later converted to count using Braun Blanquet scale index [12] . 
Data analysis
Results and discussion
The study revealed a total of 108 emergent and two submerged (Vallisneria spiralis L. and Crinum calamistratum Bogner & Heine, unique to Nange) species from the five streams. These species belong to 83 genera in 38 families (Table 1; Plates 1, A-F). No floating species was found in any of the streams. The absence of floating species is due to the sloppy nature of the streams since such species are characteristic of stagnant and slow-flowing waters. However, the peculiarity of Nange with regard to submerged species is probably due to the fact that it is the only stream in the list with gentle slope and wide area (40 m stream breadth). These characteristics give it the ability to accumulate sediments and nutrients thus allowing shallow pools of water which favour the establishment of submerged species.
The occurrence and abundance of the different taxa varied among streams (Fig 2) . In Nange, there were a total of forty eight species. Asteraceae and Poaceae had the highest number of genera with six each while those with one genus included; Amaryllidaceae, Arecaceae, Brassicaceae, Commelinaceae, Crassulaceae, Lamiaceae and Tiliaceae. Vallisneria spiralis had the highest (40.98) relative abundance while species with the least (0.01) were; Asystasia gangetica, Raphia farinifera, Conyza boriensis, Vernonia amydalina and Plectranthus monostachyus.
In the stream at M17 hill with forty eight species, the Asteraceae had the highest number of genera (6) Overall, Poaceae and Asteraceae were the most abundant in the different streams. Plants in these families have tiny feathery/light seeds which are easily dispersed by wind and insects. The variability in the relative abundances of the different macrophytes for the different streams could be associated to the fact that some species such as P. purpureum are able to survive under both wetland and dry land conditions.
The highest number of families (26), genera (58) and species (70) were obtained in Ndongo while the least of these taxa were obtained in Bulu (16, 35 and 39, respectively) ( Figure 2 ).
Figure 2 Macrophyte occurrence in different streams in Buea
Fourteen families, 28 genera and 44 species were specific to particular streams (Figure 3 ). Nange and Ndongo had the highest number (4) of unique families while Bulu had none. Across the unique genera and species, Ndongo had the highest number (10 and 13 respectively) while the least were in Bulu (1 and 3 respectively).The high number of unique species in Ndongo is accounted for by the presence of species which are not obligate macrophytes, brought about by anthropogenic impacts, in line with the findings of Fonkou et al. [6] in Yaounde and Tita [13] in Foumbot, other areas in Cameroon.
Figure 3 Unique macrophytes in different streams in Buea
The highest diversity index (0.945) was in Wongangjio while the least (0.760) was in Nange ( Table 2 ), suggesting that waste discharge from car wash might influence species diversity negatively. The highest species richness index (1.144) was in Ndongo while the least (0.577) was in Nange. The highest Sorensen similarity index (0.606) was between Ndongo and Bulu while the least (0.391) was between Nange and Bulu ( Table 3 ) possible because the two streams Ndongo and Bulu have similar anthropogenic influence. The impact of agricultural activities on the natural environment includes the creation of new habitats, which is brought about by clearing and cultivation of plant species at the expense of others [14, 15, 16] . This is probably the reason for the high diversity indices encountered in the different streams except Nange. The presence of edible species such as Vernonia hyminolepis, Abelmoschus esculentus and Colocasia esculenta among the list further constitutes anthropogenic impact on vegetation structure along stream courses.
The spatial differences in species composition, diversity and richness of macrophytes observed are in conformity with the findings of Bini et al. [17] , Thomaz et al [18] and Ruto et al. [19] , and could also be accounted for by differences in physico-chemical properties [20] of both water and sediments of the streams.
Conclusion
Macrophyte diversity and abundance in Buea is high, composed of both submerged (unique to Nange) and emergent plants. The composition is made up of both obligate and non-obligate species as a consequence of anthropogenic impact along the stream belts. The abundance of the macrophytes varied with streams. Overall, Poaceae and Asteraceae were the most abundant due to anemophilic dispersal mechanisms. These results constitute baseline data for the area that can be exploited for further research and monitoring.
Plate 1 Submerged and Emergent macrophytes of streams in Buea Municipality, Cameroon
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